Plants belonging to the family Agavaceae are used in folkloric medicinal practices worldwide and chemical investigations of these plants have shown that they are an abundant source of steroidal saponins and sapogenins. Despite the large number of secondary metabolites isolated from this family so far, there have been few reports on the bioactivity of these compounds. This article provides a comprehensive review of the steroidal constituents of plants from the genera Agave, Cordyline, Dracaena, Furcraea, Nolina, Sansevieria and Yucca up to June 2006, and reports on the bioactivity of these compounds where available.
The genera Agave, Cordyline, Dracaena, Furcraea, Nolina, Sansevieria and Yucca belong to the Agavaceae family and are distributed in the tropical and subtropical regions of the world. This family is an abundant source of steroidal saponins and sapogenins. The steroidal sapogenins possess the cholestane nucleus and cyclization of the side-chain may occur, giving rise to the furostanes (16,22epoxycholestanes) , furospirostanes (16,22;22,25bisepoxycholestanes) and spirostanes (16,22;22,26bisepoxycholestanes) . A fourth, less common type of sapogenin, is the 16,22-dihydroxycholestane derivatives. The furostanes possess a tetrahydrofuran ring between C-16/C-22 and usually have either a hydroxy or methoxy group at C-22. The hydroxy furostane derivative is believed to be the true natural product and the methoxy derivative, an artifact of the isolation procedure. The furospirostanes have two tetrahydrofuran rings joined at C-22, with the second THF ring joined at C-25. The spirostanes on the other hand, possess both tetrahydrofuran and tetrahydropyran rings joined at C-22. Variations among the steroidal sapogenins also arise from differences in the position, number and configuration of hydroxy groups, the presence of a carbonyl group at C-3, C-6, C-7, C-11, C-12, C-22 or C-23, the presence of unsaturation in the rings, the type of fusion between rings A and B (cis or trans) and the configuration at C-5, C-22 and C-25 [1] [2] .
In plants, the steroidal sapogenins usually exist as their glycosides and their biosynthesis is believed to proceed via the squalene-cycloartenol-sitosterol pathway. Over the years, these compounds have attracted attention due to their importance as starting materials for steroid hormone synthesis [2] and also because of the biological activity some possess [3] [4] [5] [6] [7] . This article reviews the steroidal saponins and sapogenins from plants of the Agavaceae family up to June 2006.
Agave
The genus Agave consists of over 100 species and leaf extracts from these plants have been used as laxatives, diuretics, antisyphillitics and in the treatment of jaundice, dysentery and skin disorders [8] [9] [10] . Four furostanol saponins (1) (2) and (6) (7) were isolated from the leaves of A. decipiens [3] . respectively [3] . Compound (3) was isolated from the leaves of A. attenuata [11] and agavasaponin H (4) from the leaves of A. americana [12] . The leaves of A. shrevei yielded 5, which inhibited capillary permeability activity (IC 50 = 55 mg/kg for each animal), a typical response that occurs in the first stage of an inflammatory reaction [13] . The chemical investigation of A. cantala yielded the agavesides A-D (8-11) [14] [15] [16] , 13 and 14 [17] [18] , the cantalasaponins-1 to 4 (15-18) [19] [20] [21] , 19, 21 and cantalanin-A (22) [10, [22] [23] . Hydrolysis of agaveside C (10) with β-glucosidase afforded 12 [15] , while methylation of 19 afforded the methyl ether 20 [22] . Cantalasaponin-1 (15) showed cytotoxicity against JTC-26 cells [4] , while 16 was lethal against another schistosomiasis vector, B. glabrata at a concentration of 7 ppm [21] . Compounds 23-24, isolated from the leaves of A. fourcroydes, exhibited cytotoxicity against HeLa cells (IC 50 = 13.1 and 5.2 μg/mL, respectively) while 23 stopped cell cycle progression at the G2/M stage [24] . The leaves of a cultivated variety of A. sisalana afforded the dongnosides A-E (25-29) [25] [26] and the dihydroxy spirostane sapogenin, barbourgenin (30) [27] . Compounds 31-36 were isolated from A. americana [6, 12, [28] [29] [30] and the aqueous extract of this plant exhibited anti-inflammatory properties when evaluated against carrageenin-induced edema [5] . Compound 37, isolated from A. brittoniana, stimulated the activity of ouabain-insensitive Na + -ATPase of the proximal tubules of pig kidneys at concentrations below 10 -11 M and inhibited the enzyme's activity at concentrations greater than 10 -7 M [31] . Compounds 38-62 were isolated from several other species of the Agave genus [32] [33] [34] [35] [36] .
Cordyline
Cordyline consists of 15 woody, sparsely branched shrubs and trees [37] and these plants have been used in the treatment of stomach ache, toothache and constipation [8] . Cordylagenin (63) was isolated from the leaves of C. cannifolia and C. stricta and the synthetic derivatives (64-66) were prepared [38] . Brisbagenin (67) was isolated from an undescribed Cordyline species and acetylation afforded 68-69 [39] while oxidation of 64 and 69 afforded 70 [38] and 71 [39] , respectively. Crabbogenin (72) and 1β-hydroxycrabbogenin (73) were also isolated from the leaves of C. stricta and the diacetate of 1β-hydroxycrabbogenin (74) was prepared [40] . The investigation of C. australis yielded australigenin (75) , and its diacetate (76) was prepared [41] . Other spirostanes isolated from Cordyline species include 77-92 [40] [41] [42] [43] [44] [45] . This genus has also been the source of several furostane, furospirostane and pregnane derivatives. The leaves of C. rubra yielded the furostanes 93-94 [43] , while the leaves of C. stricta yielded 95-98 [42] . The furospirostanes, strictagenin (99) and its triacetate (100) [40] , rubragenin (101) and wallogenin (102) [42] , and the pregnane derivative, 1β,3α-dihydroxy-5α-pregn-16-en-20-one 3-O-β-D-glucopyranoside (103) [43] were also isolated.
Dracaena
About 40 species make up the genus Dracaena and its members are widely distributed in the Tropics [37] . Juice from the roots and leaves is said to resemble 'Dragon's blood' when thickened, and it has been used in the treatment of stomach disorders, rheumatism and flatulence [8] . Phytochemical investigations of the fresh stems of D. concinna yielded spirostanes 104-109 [46] , while various parts of D. draco yielded 110, 111, 113-123 [47] [48] [49] . Acetylation of 178 yielded 112 [49] . Namonins A-D (124-127), 128-129, namogenins A-C (130-132) and 133 were obtained from the roots and rhizomes of [52, 53] . Dracaenogenin A (148) is the first example of a 12(13→14)abeospirostane spirostanoid found in nature [53] . Afromontoside (162) and its methoxy derivative 163 were isolated from D. afromontana [54] . Afromontoside (162) exhibited cytotoxicity against cultured KB cells derived from human carcinoma of the nasopharynx and after acid hydrolysis, it afforded diosgenin (45) , diosgenin 3βglucoside (164) and dehydrodiosgenin (165) [54] . The fresh stems of D. concinna afforded 166-172 [46] and the cholestane derivative, concinnasteoside A 173 [55] . Compounds 174-177 were products of acid and enzymic hydrolyses [46, 55] . The furostanes icogenin (178) [49] and 179 [47] were isolated from D. draco, while compound 180 was isolated from D. surculosa [51] . Namonins E and F (181-182) were obtained from D. angustifolia [50] . Compounds 108-110, 112, 115, 120-121, 138-139, 160-161, 171-172 and 178 exhibited cytotoxicity against the human promyelocytic leukemia cell line, HL-60, with 109, 112, 120 and 121 inducing cell death by apoptosis [47] [48] [49] 51] .
Furcraea
The members of the genus Furcraea are close in appearance to those of the Agave [56] . Members of this genus have not been extensively investigated, with steroidal compounds being isolated from the five species, F. cabua, F. foetida, F. gigantea, F. macrophylla and F. selloa cv marginata. The leaves are reportedly used as a source of fiber and to reduce swelling, while the roots are used in the treatment of venereal disease and rheumatism [8] . The sapogenins reported include hecogenin (39) , manogenin (42), diosgenin (45) , tigogenin (49) , gitogenin (54), 9-dehydrohecogenin (59), 9-dehydromanogenin (60) and gentrogenin (61) [34] [35] . Furcreastatin (183) was isolated from F. selloa cv marginata and F. foetida [57] and exhibited cytotoxicity against the human carcinoma cell lines 10(1), 10(1)-mp53, HSC-3 (oral squamous), Ca9-22 (oral squamous), SK-Br-3 (breast) and BT549 (breast) with EC 50 values of 9.6, 4.0, 2.6, 3.2, 6.3 and 2.6 μg/mL, respectively [7] . Also isolated from F. selloa cv marginata was yuccaloeside C (184), furcreafurostatin(185) and its 22-O-methyl ether 186 [57] . 
Nolina
The genus Nolina consists of about 24 species of desert perennials that are used mainly as a source of fiber [8, 37] . Only two species, N. microcarpa and N. recurvata, have been investigated. 
H caries, smallpox sores and ulcers [8] . S. trifasciata, commonly referred to as 'Mother-in-law's tongue,' has been investigated for its steroidal content and its leaves yielded the spirostane saponins 113, 128, 129, 187 and 225-232 along with the pregnane glycosides 233-236 [65] [66] . Compound 237 was isolated from the leaves of S. hyacinthoides and its diacetate 238 was prepared [67] . Sansevierin A (239), sansevistatin 1 (240), sansevistatin 2 (241) and 242 were isolated from S. ehrenbergii, along with 45, 108 and 110 [68] . Compounds 108, 110, and 240-242 showed significant growth inhibition of the cancer cell lines, P388 (lymphocytic leukemia), BXPC-3 (pancreas adenocarcinoma), MCF-7 (breast adenocarcinoma), SF268 (CNS glioblastoma), NCI-H460 (lung large cell), KM20L2 (colon adenocarcinoma) and DU-145 (prostate carcinoma). They were also active against the pathogenic yeasts Candida albicans and Cryptococcus neoformans [68] .
Yucca
About 40 perennial and evergreen species make up the genus Yucca and leaf fibers from these plants are used in the manufacture of brushes, baskets, textiles and 'balsam wool' [37] . The flowers of some species are edible and the rhizomes are used as soap substitutes [8] . The chemical investigation of Y. gloriosa yielded the spirostane saponins YG-1 to YG-3 (243-245) [69] , YS-I to YS-XIII (246-250) [70] , 252-256 [71] and 258-260 [72] , respectively, yuccagenone (263) and luvgenin (264) [73] . [69] [70] [71] [72] . From the leaves of Y. aloifolia, 267 [74] and yuccaloesides B and C (265-266) [75] were isolated, with 268 being obtained from the plant's inflorescence [76] and 269-270 isolated from the rhizomes [77] . Yuccaloeside C (266) exhibited cytotoxicity against HeLa cells with an IC 50 = 4.8 μg/mL. The seeds of Y. macrocarpa provided 271 [78] and the leaves and roots of Y. filamentosa furnished 272 [79] and yuccoside C (273) [80] , respectively. The ethanolic extract of the seeds of Y. schidigera furnished compounds 274-291, which showed potent growth inhibitory activity against certain food-deteriorating yeasts, film-forming yeasts, dermatophytic yeasts, and fungi [81] . Texogenin (292) and kammogenin (293) were isolated from Y. schottii [82] . Five furostanes have been reported from plants in this genus with YG-4 (294) from Y. gloriosa [69] , protoyuccoside C (295) from Y. filamentosa [80] and compounds 296-298 from Y. schidigera [83] . Of the compounds isolated from the Agavaceae family, 15, 23-24, 108-110, 112, 115-116, 120-121,  124-125, 129, 138-139, 160-162, 171-172, 178, 183 , 240-242 and 266 exhibited cytotoxic activity against various carcinoma cell lines [4, 7, 24, 47-51, 54, 78] , 5 exhibited anti-inflammatory activity [13] , 6-7 and 16 exhibited molluscidal activity against Biomphalaria species [3, 21] , 37 affected sodium reabsorption in the kidney tissue [31] , and 114, 191, and 193-194 exhibited inhibitory activity toward cyclic AMP phosphodiesterase [59] . In addition, 108, 110 and 240-242 were active against the pathogenic yeasts, Candida albicans and Cryptococcus neoformans [68] . On the other hand, 274-291 exhibited growth inhibitory activity against certain food-deteriorating yeasts, film-forming yeasts, dermatophytic yeasts and fungi [81] .
